Objective: To track the development of sleep disordered breathing (SDB) as well as dentofacial morphology in cohort of children by having them complete a questionaire at ages 4, 6 and 12 . Clinical examination, sleep studies (at ages 4 and 12) and orthodontic evaluation were carried out on all who were reported to snore regularly and children who did not snore at all. Results: Out of the original group of 615 children, 64% (393) answered the inquiry on all three occasions. Of those, 27 snored regularly and 231 did not snore at all at the age of twelve.
Introduction
Snoring is an acoustic phenomenon caused by vibrations of tissues in the upper airways, primarily the soft palate. A relative obstruction of the airways gives an increased Bernoulli effect resulting in vibrations. The airway obstruction is due to different anatomical properties in combination with a relative hypotonia of the muscles of the airways during sleep. In preschool children, the physiological hypertrophy of adenoid and tonsils are the main cause of obstruction/snoring. Between 3-6 years of age, the size of the adenoids and tonsils in relation to the underlying diameter of the airways is greatest [1] ; thus, this is an age when most sleep related distress can be expected.
For children with severe obstructive symptoms, adenotonsillectomy has been the treatment of choice over the years and this surgical procedure is the operation most frequently performed on children all over the world [2] . The surgery has been thought to solve the young patient's snoring or OSA problems [3, 4] , which is not the case for most adults' snoring and sleep apnea syndrome (OSAS) after surgery for the similar condition [5] . Sleep registration before and after surgery has seldom been performed in children [6, 7] and long-term follow-up to control the postoperative results has rarely been done [8] .
Dento-facial development and dental arch morphology have been studied in connection to different aspects of obstruction such as the influence of adenoids [9] , tonsils [10] and habitual snoring and OSA [11] [12] . With different ways of exploring the effect of obstructed breathing, it has been shown that severe obstruction is connected to specific anatomical traits, which seem to have been possible to reverse at least partially through surgery [13, 14] . To our knowledge, morphological studies in connection with community based cohort studies with long time follow-up of obstructed breathing in children have not been explored.
We have earlier described the epidemiology of snoring in a cohort of 4 year-old children, [15] as well as the specific orthodontic features connected to their symptoms [11] . Later we published a study showing the further development of symptoms and signs for the same children at age 6 [16] .
The purpose of the present investigation is to continue to track the same children up through age 12 in order to follow the development of snoring and symptoms of breathing distress among both those not operated upon and those who have been operated upon at any time up to 12 years of age. The dento-facial anatomy of the children who were snoring regularly (every night) at the age of four or six or twelve is compared with data from the children who were never reported as snoring.
The Ethical Committee at Uppsala University approved the study and informed consent was obtained from all the parents.
Material and Method

Questionnaire
Out of 615 children in the original 4 year examination (95.5 % of a total 4-year old population, 644), 509 participated at the 6 years follow-up study. These 509 children [11, 16] were contacted by mail at the age of 12 and the parents were asked to complete a questionnaire about sleeping habits and obstructive problems similar to the questionnaire which was used in the earlier investigations (see Table 1 ). A few questions were omitted that were age-related or already answered earlier (e.g., breastfeeding and earlier pacifier/finger sucking habits), and some questions were added regarding excessive daytime sleepiness, allergy, asthma, general health problems and on-going or completed orthodontic treatment.
Also asked was whether any other person in the child's immediate family was snoring.
If there was no response to the first letter, a reminder was sent; thereafter, attempts were made to contact those still not responding by telephone. A drop out analysis was planned whereby the answers to the questionnaire at age 4 from children who later dropped out was compared with those from the children who remained in the study through age 12.
ENT and sleep examinations at 12 years.
All children who were reported as snoring every night, or reported breathing stops in connection with sleep, were offered a clinical ENT examination and a full-night polygraphy (Breas 20 Gothenburg, Sweden) under parental surveillance at home. The same offer was made to 10 children in the cohort who had been reported as not snoring at any of the ages 4, 6
and 12. The criteria for apneas were set at 10 seconds duration and hypopneas as 50% reduction of the breathing pressure recordings with a duration of 10 seconds and 3% decrease of SO 2 from baseline. The limit for OSA was set to be AHI≥1 or ODI ≥ 1 (Apnea-Hypopnea Index and Obstructive Desaturation Index).
Seven children who participated at 12 years had previously had a polygraphy performed at the age of four due to regular snoring [11] . In 1999, the criteria for OSA in children was standardized [17] . Since these early sleep polygraphies were performed 1994-1995, a new analysis was now done manually using microfilms of the paper copies of the earlier sleep recordings. The criteria for apneas were for these recordings originally set at 10 sec duration and desaturation drop to 4%.
Orthodontic examination at 12 years
Children who snored regularly, as well as those reporting apneas in the questionnaire, were given a clinical orthodontic evaluation. Plaster casts were made for these children as well as for those children who earlier had had casts made at four and/or six years, snoring regularly or not snoring, who now were asked to volunteer for a follow-up examination.
Cephalograms were taken from those who were snoring regularly. These results will be presented in a separate report.
Statistics
McNemar's test was used for comparisons between the answers to the questionnaire at different ages (for same children at different times). For risk analysis Odds Ratio was calculated with means and confidential intervals.
Error or methods
Duplicate determinations for biometrics measurements were calculated according to the formula
where a 2 = the second and a 1 = the first measurement, and n = the number of determinations.
Results
Out of the original cohort of 644 children at four years, 509 children took part in the 6-year investigation out of whom 393 (78.4%) continued participation at 12 years. At twelve years 63 children had received surgery for snoring, 38 solely adenoidectomy, 23 adenotosillectomy and two only tonsillectomy.
The 393 children who had participated at all of the study points of 4, 6 and 12 years form the sample for the following analyzes:
Questionnaires
Answers to the 12 year-questionnaire are presented together with data from the same children at 4 and 6 years in Table 1 .
Between ages of 4 and 12 the number of children that reported snoring regularly decreased from 8.7% to 6.9% (ns) and the number of children with reported apneas had decreased (p<0.05). The prevalence of not snoring children had increased (p< 0.0001) while the number of children snoring sometimes, had decreased (p< 0.01).
Oral breathing was reported for 49 children in the 12-year survey compared to 24 in the investigation at 4 yrs (p <0.001), Table 1 .
53/393 new children had begun to snore after age six-three of them every night. 80/393 other children had stopped snoring; two of these had snored every night at age six. This development is presented in Fig 1 .
The odds that a child reported as snoring regularly at age four to also be snoring regularly at 12 was 3.7 times greater than for a child who was not snoring at age 4 regardless of whether the snoring regularly child was operated or not (OR 3.7 95% CI:2.40-5.72). For a child reported as snoring regularly at age 6, the odds were 3.8 greater that they would be snoring regularly at age 12, again regardless of whether operated or not.
Figure 1: Flow-chart over the development of snoring from 4 to 6 to 12 years (n=393).
Between ages four and six, a decrease was seen in enuresis, (p<0.0001) and of ongoing sucking habits (p<0.001) and an increase of the prevalence of children with a history of tonsillitis, (p< 0.001).
At 12 years, there was one gender difference: the number of tonsillitis was higher among girls than boys, 42.3% vs 31.8% (p<0.05). Prevalence of digital sucking and enuresis had decreased with age. Earlier gender differences were not seen at age 12.
Comparisons between obstructive symptoms for children not snoring, snoring sometimes and snoring regularly at age 4, 6 and 12 yrs are seen in table 2 a, b, c. The snoring regularly problems. Ongoing or completed orthodontic treatment was reported for eight children in the cohort; two of these belonged to the group of children snoring regularly.
The reported habit of oral breathing increased over the years, more among the children snoring regularly than in the cohort as a whole-from 23% (6/26) at four years to 38.5%
(10/26) at six, and 77.8 % ( 21/27) at 12 years, compared to 6.1% to 8.7% and 12.5% in the cohort as a whole (Table 1 and 2).
Comparison of obstructive symptoms between operated (adenoidectomy and/or tonsillectomy) and not operated children of the cohort are presented in Table 3 . There was a higher percentage of children snoring regularly at 12 years in the operated group (p<0.001) and who also were more often breathing orally (p<0.001).
Twenty-one children of the 393 had already been operated due to snoring before four years of age, (21 adenoidectomy and 5 tonsillectomy) and had their initial snoring problems solved, except for one child where tonsillectomy was performed six months after adenoidectomy at the age of three. The prevalence of symptoms among these early-operated children at age 12 differed significantly from those of the rest of the cohort ( Table 4) . 12/21 snored, five of them regularly, and 9/21 were oral breathers. Twice as often, these children had parents who were operated with A or T as compared to children as in the rest of the cohort. Eight of the 21 early operated children had started to snore again before the age of four and belonged at that age to the snoring regularly group and were later re-operated, five with adenotonsillectomy (A+T), two with tonsillectomy (T), and one with re-adenoidectomy (A)
The children who participated at age four, who dropped out from the two follow-up investigations at 6 or 12 yrs (total 222/615) differed significantly only in their answers on the questionnaire concerning snoring regularly compared to the 393 children who remained in the study. Of the children remaining in the study over the whole period, 8.7% reported snoring regularly compared to 1.4% for the drop-outs (p<0.0001). This means that the children who left the investigation snored less. Assuming that those children had remained in the study and had reported their snoring at age 12 in the same proportions, the prevalence of snoring regularly at 12 years would have been 30/615 = 4.9 % instead of the now reported 6.9 % . 
Polygraphy.
20 of the 27 children snoring regularly (two with reported apneas), and six children out of the same cohort answering not snoring at four six and 12 years, underwent an overnight cardiorespiratory recording (polygraphy). The results are presented in Table 5 . Five out of twenty had an AHI and/or ODI above 1 with a mean AHI of 1.94. That gives an estimated prevalence of OSA in the present group of 1.3 % (5/393). Out of the 34 children in the original cohort who reported snoring every night (=snoring regulary in this article) at age four, 28 also had a polygraphy and six of them had been evaluated as having OSA with a mean AHI of 17.5-evaluated with the limit for OSA used for adults (AI>5 or AHI≥10, 4% desat.) [11] . 26 of the 28 were still in the study at the age 12.
Since the definition of OSA in children is now set as AHI ≥1.0 [17, 21] , a re-analysis was done for the 18/26 children who still were in the study and whose data it was possible to retrieve from microfilmed paper records. This resulted in a re-definition of diagnosis for many of them which yielded a mean AHI of 14.8 ±10, see Table 6 .
Estimating the minimum prevalence of OSA in the present group at the age of four would thus give 20/393=5.2% and 5/393=1.3% at the age of 12. If instead, the original cohort of 644 children is the base for the estimation, these figures will now give a minimum prevalence of OSA for 4 year olds of 20/644 = 3.1% instead of 6/644 = 0.9% as was published earlier [11] and 5/644= 0.8% for the cohort at age 12.
One of the seven children who had had a polygraphy at the age of four and a second at the age of 12 due to regular snoring on both occasions, had OSA at age 12; two of them were among the six that had belonged to OSA group at age 4 ( Table 5 ).
In the records for the 20 children who had their polygraphies at four re-analyzed, BMI data could be calculated. None of these children was over-weight (Table 6 ).
Biometric findings
Orthodontic diagnoses
Twenty-five models from children snoring regularly at four, 21 at six and 27 at twelve years were analyzed in comparison with control children who did not report snoring at four, six or 12 years. The orthodontic diagnoses are reported in Table 7 . Lateral crossbite was more common in the children snoring regularly, at all ages with statistical significance at age four 
Dental measurements
Measurements of all models from children snoring regularly at four (n=25), six (n=21) and 12 (n=27) demonstrated that on a group level, the children snoring regularly had a more narrow upper jaw than those not snoring (see Table 8 and Fig 2 and 3) . The tendency was seen in all measures and statistical significance attained for 4 and 6 year olds and for 12 year old boys.
The 12 year group was divided with respect to gender, yielding small group sizes and statistical significance was only seen among boys. The reason for this split was that the growth of the jaws differs between boys and girls in pubertal children.
The error of method was computed and was found to be less than 0.6 mm. 
Discussion
To our knowledge, this is the first study where a cohort of non-selected children has been followed throughout childhood with respect to sleep disordered breathing. A third of the original cohort at the age of four dropped out either by age six or age 12. These drop-outs
were not surprisingly somewhat healthier [19] with respect to sleep disordered breathing with only 3/222 snoring regularly. As the OR was calculated to be high for a not snoring child of four to continue to be not snoring through childhood, we make the assumption that at twelve years, the prevalence of children snoring regularly would be slightly lower than that reported.
Our estimated minimum prevalence of snoring at 12 years is about the same as in a crosssectional study of snoring in 9-15 years old children, which also demonstrated, as in the present study, that one -risk factor‖ for snoring regularly was to earlier have been adenoidectomized [20] . This leads us to draw the conclusion that snoring in early childhood has a strong tendency to recur during the development period of the ring of Waldeyer even if -cured‖ initially by adenoidectomy. Even in the cases where a tonsillectomy is performed later, a child who snores at the age of four has a high risk of being a snorer at the age of 12; the contrary is true for a child who is not snoring at four and six. The group of children -snoring sometimes‖ has chance of spontaneous recovery in about 50% , as is also seen in other studies [21] . However, we have seen that -snoring sometimes‖ in the younger age groups also seems to be connected to health problems, but not as much at the age of twelve (Table 2 ) [16] .
The reason why adenotonsillectomy only has a temporary effect could be that the children who snore regularly have a more narrow maxillary width, a condition seen in the present study at ages four, six and twelve regardless of whether they have had surgery or not. This narrowness is probably genetic and only possible to reverse to a small extent in the long run through surgery. This limited success of operation on adenoids and tonsils has not been stressed earlier [13, 14, 16] . The large proportion of the 12 year olds who snored regularly that also had snoring parents and/or snoring siblings support the idea that there may be a substantial genetic impact.
The children who were snoring regularly at twelve in the present study, who therefore might be at risk for OSA in adulthood, also showed an increased prevalence of reported oral breathing and also in addition malocclusions such as lateral cross-bite.
On a group level we found that the children snoring regularly had a more narrow upper jaw than the not snoring children. However the effect of surgery on orofacial development can not be clarified in this epidemiological study. By following each child longitudinally from four to twelve years, both the ones who were -cases‖ at four and corresponding not snoring children, the effect of surgery will be elucidated (to be published in a separate article).
The re-analysis of the sleep cardio-respiratory recordings at age four demonstrated OSA in almost all of the children snoring regularly, but at age twelve most of the regular snorers did not reach the limit for OSA and the few who did, still had a low AHI and no severe desaturations. Since most of these children snoring regularly had been operated upon, one might say that the surgery was effective against apneas up to the age of twelve but not effective against snoring. This corresponds to an earlier study where a 20-year follow-up after tonsillectomy showed 61% of the now 25-30 year old participants who had been operated as snoring -every night‖ or -now and then‖, as compared to 41% snoring -now and then‖ in a population based not operated material [8] .
A weakness of the present study is that the sleep polygraphies from 1994-1995 could not be fully re-analyzed using the standard currently in use [17] . At the time when the registrations were done, they could not be saved in digital form (it was before the CD-era) and could only be archived as paper copies which were later microfilmed. The -rough‖ manual re-analyses of the retrieved paper copies done as part of the current study gave a much higher prevalence of OSA-3.1 % instead of the earlier published 0.9 % [11] . However, this higher prevalence is more in accordance with other studies from the same period [22, 23] , where the investigators would have had to deal with the same difficulties involving the lack of clear definitions.
The number of children who had been defined as having OSA would most likely have been still higher if the apneas had been calculated as two respiratory cycles and desaturations of 3% instead of 4% [17] . Already in 1994, we were very skeptic of applying the adult definitions for OSA to children and when clinically advising parents on whether to consider surgery or not for their children preferred speaking of -signs of obstruction‖ and about the symptoms connected to obstruction, irrespective of number of apneas.
Even though the affected children reported both regular severe snoring and in many cases also reported excessive daytime sleepiness, the sleep polygraphy at age 12 demonstrated a much lower prevalence of apneas and desaturations than at age four. The parents reported that although they heard the snoring, they did not worry as much now as they did when the child was smaller because they now experienced the snoring more as an annoying sound than as a major breathing struggle for the child.
The BMI of the children was not followed in the questionnaires through the years. However, the children most affected, the ones snoring regularly at four, were sleep registered in the ward and at that time had their BMI calculated; none of those were overweight at that age.
The authors personally examined all who had a polygraphy and orthodontic evaluation at age 12 and have thereby personal knowledge also at that time; none of these 20/27 children snoring regularly was overweight. Overweight is now regarded as a special cause of snoring and OSA in children as well as in adults [23] , but it does not seem to have been a major factor for this cohort of children, examined 1994-2002. However, it would be of utmost interest to do a further follow-up now when these children also have passed their adolescence, to see if and how the prevalence of snoring has changed. Today, the focus would be to determine if there is a correlation between BMI and snoring regularly in this group of individuals and also to further track how their dento-facial development has changed due to the enhanced growth during and after puberty [24] .
The gender differences seen at ages 4 and 6 with more boys having enuresis was expected [25, 26] as was the slight dominance of girls who had a higher prevalence of sucking habits [27] . However, the difference at age 12 with more girls than boys having had tonsillitis is in this context a new finding, although it is in accordance with the Swedish National Quality
Register for tonsil surgery. In this register, a clear peak with respect to tonsil surgery due to obstructive symptoms occurs for boys below 10 years, while for girls a peak occurs in the teens who have their surgery due to recurrent tonsillitis. A significant difference between girls and boys for recurrent tonsillitis as indication for surgery can be seen already at age 10 [28] .
Conclusion
In a cohort of 644 where surgery has been performed in 63 children due to snoring, the minimum prevalence of snoring regularly is almost the same from four to twelve years, 5.3% and 4.2%. The prevalence of OSA decreases from a minimum of 3.1% at four years to a minimum of 0.8% at twelve. The children snoring regularly generally have a narrower maxilla compared to not snoring children. Surgery in young children is necessary, but it only -cures‖ the snoring temporarily.
